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TRIGGERING FOR A HETERODYNE INTERFEROMETER 

BuU.ground Inf.o«,»^Fig.r' OF THE INVENTION 
The present invention relates to a method for triggering a 
heterodyne interferometer having two acousto- optical modulators 
situated in separate light paths, a receiver which ^-erates an 
analog signal and a downstream A/D converter which converts the 
analog signal into a digital signal, the one 

modulator being triggered at a modulation f regency f . and the other 
acousto-optical modulator heing triggered at another modulation 
frequency f„ the difference between modulation frequences f. and 
forming a heterodyne frequency £.„. and the analog signal be.ng 
converted to a digital signal in the A/D converter at sampling 
frequency fa- 

The present Invention also relates to a device including a 
triggering unit and a heterodyne interferometer having two 
acousto-optical modulators situated in separate light paths a 
receiver which supplies an analog signal and a downstream A/D 
converter for forming a digital signal from the analog signal, 
one acousto-optical modulator being triggered at a modulation 
frequency f. and the other acousto-optical modulator being 
triggered at another modulation frequency f. and the difference 
between modulation frequencies f. and f. corresponding to a 
heterodyne frequency f„« and a san^ling frequency f. being provided 
for conversion of the analog signal into the digital srgnal. 

p^^i rnuAlTNn INFORMATION 

;;:;;;;^e interferometers are used to measure the phas e shrft of 
a beam of light caused by an optical phase shifter. l-3th "f 
^ optical bypass line whose length is to be measured may function 
0 asln optical phase shifter. Heterodyne interferometers are 
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lil -Tpv^^r. q^n^rallv conventional.. 

in a heterodyne interferometer, the beam of a light source, usually 
5 a laser, is passed through a beam splitter to two acousto-opt.cal 
modulators. The two acousto-optical modulators are triggered by 
frequencies f . and f , which are typically in the MHz range . The beams 
of light at the output of the acousto-optical modulators are 
shitted here by a corresponding frequency with respect to the 
10 original light frequency. 

The tv,o frequency-Shifted beams of light are then sent back to a 
beam splitter via mirrors and co^r^ined, one of the two beams be.ng 
delayed via an optical phase shifter. This may be accomplished vxa 
X5 materials which shift the phase of light or with which the speed 
of the light with respect to air is reduced. According to another 
en^odiment, the light is deflected by additional mirrors and must 
therefore travel through an optical bypass. After the two beams 
of light have been combined again by the beam splitter, e.g., xn 
20 the form of a semitransparent mirror, the light is sent to a 
receiver containing a photodetector and usually an ampl.fxer. 

The two beams of light cause interference and generate a beat 
frequency known as a heterodyne frequency fHet in the receiver. Th.s 
25 frequency is calculated as follows: 



30 



^Het: 



The phase of this signal, based on the phase angle of an electric 
signal of frequency t... obtained by mixing f. with U. corresponds 
to the phase shift of the optical phase shifter that is to be 
measured . 
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The analog signal available at the output of the receiver is sent 
to a downstream A/D converter which generates a digital signal . 
The conversion is then performed at a sample rate of frequency fa- 
The digital signal is then sent to an analyzer unit for further 
5 processing. 

In the case of the heterodyne interferometers described above, 
generating frequencies fi, ±2 and fa during operation may result 
in great fluctuations in heterodyne frequency fHet = | f i - f 2 1 
10 because the oscillators may have frequency drift with temperature 
and also with aging. Another disadvantage is that blanking 
frequency fa does not form an integral ratio with heterodyne 
frequency fnet and is not even constant. 

15 SUMMARY 

Thc One object of the present invention is to provide a method for 
triggering a heterodyne interferometer that will not have these 
disadvantages. Another object of the present invention is to 
provide a corresponding device including a triggering device of 
2 0 a heterodyne interferometer. 

Advantagco of the — Invention 

The objcGt In accordance with an example embodiment of the present 
2 5 invention relating to the method io achieved by forming_ ^ at least 
two of the frequencies of modulation frequencies fi, f2 and sampling 
frequency fa are formed from a fundamental frequency fquartz of a 
common oscillator. A fixed ratio of modulation frequencies may be 
achieved in this way and the modulation frequencies will not 
30 undergo shifts due to aging and drift. In addition, sampling 

frequency fa is then in a fixed phase ratio to the differential 
frequency of modulation frequencies fi, £2, i.e., heterodyne 
frequency f Het • Measurement accuracy is increased because sampling 
is performed at a constant phase, independently of drift and aging. 
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If modulation frequencies f. and U are generated from fundamental 
frequency f^a... using the method of direct digital synthesxs (DDS) 
:r™nr:;; a di.ital accumulator of word width . an .ntege. 
Z for each clock pulse of the oscillator designed as - ^-^^ 
oscillator having fundamental frequency f..a.... the signals may be 
osci±iac a T , ^ Qi-rictlv digital manner. Furthermore, 

supplied inexpensively m a strictly aigit 

^ ^^^r, tna^r freelv programmed with these 

the modulation frequencies may be treeiy p y 

signals. 

If modulation frequencies £. and U are generated separately from 
fundamental frequency £^.. in separate DDS un.ts, .nexpens.ye 
commercially available integrated circuits may be used. 

Recording to an example embodiment having a linear phase course 
thlch is particui;;i7^sy to implement, a sawtooth-shaped value 
^u^e of the contents of the digital accumulator rs obtained by 
incrementing the digital accumulator. 

A particularly suitable strictly sinusoidal triggering for 
Illation Of acousto-optical modulators .el^ a-ieved by 
interpreting the value curve in the digital /^^^^^^ 
value of a cosine oscillation, determining a sample o£ a cosme 
oscillation using a table stored in a ROM -<^/- . 
methods from the phase value and smoothing them in an analog 

low-pass filter. 

in a simplified circuit design, sampling frequency £. for the A/D 
contertTr is formed by a divider unit from ^.dulation frequency 
, f Jr sampling frequency f. for the A/D converter is £°-d by a 
divider unit from modulation frequency U. thus making .t possible 
to eliminate an additional oscillator. 

Measurement accuracy is improved if sampling frequency f. is an 
5 integral multiple of heterodyne frequency f,..- 
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I( the ratio between sampling frequency U and heterodyne ^-^--^^ 
"„ is a factor of at least 2 , good measurement accuracy .s achieved 
with minimal circuit complexity. 

««An object of the present invention relating to the device is 
I^Lea by the fact that the triggering device for generating at 
le^st two of the frequencies, i.e.. from modulation frequences 
\ U and san^ling frequency f.. has a coMnon oscillator havxng 
^ ^ THIS achieves a measurement accuracy 

fundamental frequency f quartz- This acnieve 

which does not depend on drift or component agxng and does so with 
minimal circuit complexity. 

According to a preferred embodiment, a direct digital synthesizer 
mDS) rs provided for generating modulation frequencies f. and U 
(DDS) IS provi , digital accumulator of 

from fundamental frequency f^.r« and has a uigi 
word width N which is incrementable by an integer Z vxa an 
InLementation stage for each cloc. unit of ^^^^f 
has a cloc. frequency f^.„. and is designed as a quartz °scUla'.-. 
AS a result, signals are generated inexpensively in a digital 
manner and are programmed freely. 

If separate DDS units are provided for generating modulation 

4= =.r.^ f inexpensive commercially availaoie 
frequencies fx and t2/ inexpeii!=»j. 

components may be used. 

' in a sinplified circuit design, a divider unit is Pr-j^-^/°^ 
generating sampling frequency f. from ^^-^^^-/"^^"^^^ 
I divider unit is provided for generating sampling frequency f . from 

modulation frequency f2- 

° m a preferred embodiment, the division ratio of the divider unit 
is an integer. This yields a particularly good measurement 

accuracy . 

,5 in a simple embodiment having good measurement accuracy, the 
division ratio of the divider unit is at least 2 . 
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ppT„ f ncsPBTPTION OF T HE PRAWIMGS „„ fh. 

L present ,n..nt T^;^T:^^^^^ in sreater ^ the 

of «-exer^lary e.*e^«e«^es*odisent3 as illustrated xn the 



5 

figures 



Figure 1 schematically shows a convent ional_heterodyne 
interferometer a uuuia iuj M I hr r e lated n rf 

Figure 2 schematically shows an oscillator system for a 
heterodyne interf erometer-r_L 

Figure 3 schematically shows another embodiment of an 

15 oscillator system. 

L___ Lii .il.i r f l-ii r I --'"" ! r m l iiiili m rnt-n 

„„^.r,.pr. nRRCRIPTION .^V^MPT.R EMBODIMENTS 
20 Figure 1 sche^tically shows a conventional h eterodyne 
interferoroeter- 1 i Li . u .m I i Mi r L aatcd nr■^ . 

The beam o£ a light source 10 is passed through a beam splitter 
SO to two acousto-optioal modulators 20. 30. labeled as AOMl and 

25 A0M2 inthe^figure. Acousto-optical modulators 20. 30 are triggered 
at frequencies f. and U. typically in the MHz range. The beams of 
light at the output o£ acousto-optical modulators 20. 30 are 
shifted by the corresponding frequency with respect to the origrnal 
light frequency. Light source 10 is preferably a laser having a 

30 long coherence length. The two frequency-shifted beams of Ught 
are then sent via mirrors 60 baC to a beam splitter 50 and combined, 
one of the two beams being delayed by an optical phase shifter 40. 
This may be accomplished by using materials that shift the phase 

J 4= 1 -inht is reduced with respect 
of light or in which the speed of the Ixght is reauc 
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to air. According to another e^odiment, light is deflected by 
additional mirrors and therefore must pass through an optrcal 
bypass. ;vfter the two beams o£ light have been combined agaxn by 
beam splitter 50, e.g., in the form of a semitransparent mrrror, 
the light is sent to a receiver ,0. Receiver 70 ie^ee*^ 
^includes a photodetector having a downstream amplrf.er that 
su^^^^n analog signal 71. The amplifier may be integrated .nto 



receiver 7 0 



Both beams of light produce interference and generate a beat 
frequency known as heterodyne frequency t».., in receiver 70. 
frequency is calculated by the formula 



LHet 



. ifi 



The phase of this signal based on the phase angle of an electr.c 
signal of frequency f„.. obtained by mixing f. with f. corresponds 
to the phase shift of optical phase shifter 40 that is to be 

measured. 

;^alog signal 71 which is available at the output of " 
is sent to a downstream A/D converter 80 which generates a drg.tal 
signal 81 . The conversion takes place at a sampling rate of 

f Diaital signal 81 is then sent to an analyzer unit 
frequency fa- Digicax siynaj. 

j 90 for further processing. 

^^^^^^^.^^^.^^.^..^^ei^^ f requencies f f . and 

f. are obtained fro. separate quartz oscillators, which have the 
san^e disadvantages as those mentioned above with regard to the 
0 stability of the frequency ratio. 

Pigure 2 shows an oscillator system for a heterodyne interferometer 
according to the present invention. 
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TO generate AOM frequencies J. and U. the DDS method, i.e. , d.rect 
digital synthesis, is used. In this .ethod a digital accu^ilator 
of word width N is incremented by an integer z for each cloc. pulse 
S of an oscillator 100 designed as a quartz oscillator and havrng 

4= The accumulator then overflows periodically 

clock frequency f quartz- The accumuidi, 

due to the constant incrementing. The value curve m the 
accumulator over time corresponds to a sawtooth function having 
value range 0 to 2^' - 1 (N may be 32, for example) . The values m 
.0 the accumulator are interpreted as phase value 

F = {2*7t7l*Z) 72" 

of a cosine oscillation. By using a ROM table and/or algorithmic 
X5 methods, a sample value cos(F, of the cosine oscillation is footed 
from this phase value. This sample value is output vra a D/A 
converter and filtered through a low-pass filter accordingly, 
yielding a time-continuous cosine analog signal of frequency 

20 f = f quartz* 2/2^. 

Direct digital synthesizers a ^ .u.- u U I n^. m .nm^y be 

integrated circuits and form a DBS unit. Using this integrated 
circuit, high-precision frequency generators are inexpensively 
tunable in the range of 0 to approximately 1/3 the fundamental 
frequency with a high resolution by programming using a fundamental 
frequency. 

According to the present invention, two AOM frequencies £. and U 
30 are generated by separate DDS units 110, 120, an increment value 
Z. for DDS unit 110 and an increment value Z, for DDS units 120 berng 
preselected. It is also characteristic that the fundamental 
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^ v.^^b DDS units 110, 120 is formed by a common 
frequency for both DDS uniut> xxu, 

oscillator 100. 

^ ^K^-oSnP^d for AOM frequencies fi and f2, 
The following equations are obtained tor auu ^ m 

^ s nrrement values Zi and Z2 : 

heterodyne frequency fnet and mcremeni. 

fl = fquart2*Zi/2*' 
f2 = fquartz*Z2/2^ 

£„„ = |f. - U\ - W.*(|Zi - z;.|)/2". 

in the exemplary eniodiment shown here, sample rate f. o£ A/D 
converter SO is obtained by direct division o£ frequency £. by an 
integral factor N.. This is implemented in an integrated drv.dar 

unit 13 0, for example. 

With regard to the precision of sampling by A/D converter 80, it 
.ay be advantageous if sampling rate f. amounts to exactly k txmes 
heterodyne frequency fnet, where k is an integer. 

This yields the following equation: 
fa = k*fHet = fi/Ni. 



-a 



The following equation is thus obtained for division factor N.: 



Ni 



= {fl/ (k*fHet) } rounded. 



0 Since must be an integral multiple of this yields the 

following equation for Zi: 

• Zi = k*Ni*{(2*'*fi)/(k*Ni*f quartz)} rounded . 
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For Z2 it then holds that: 



Z2 = Zi*{l + l/(k*Ni)}. 

elected: 



In one e 



xemplary ernbodiment the following values are seJ 



fquartz = 120 MHZ , 

f 1 = approx. .34 . 9 MHz and fa = approx. 35 . 1 MHz and thus f „e. = approx. 
0.2 MHz, 

k = 4. 

These are obtained with N = 32 and = 44 by selecting 
Zi . 1249119696 and Z2 = 1256216967, 

which thus yields: 

U - 34.9000011 MHZ and U - 35.0982966 MHZ, 
f,„ . 0.1982955 MHZ and £. - 0.7931818 MHZ. 

5 Figure 3 shows, another e,ra.=di.ent of an oscillator system for a 
heterodyne interferometer. In contrast to the en*odi,nant 
illustrated in Figure 2, sampling frequency f. is generated by 
divider unit 140 from frequency The following equations are 
obtained analogously to the exen^lary e^diment described above, 

JO 

fa = k*fHet = £2/^2 

N2 = {fa/ (k*fHet) } rounded 
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Z2 = k*N2*{ (2''*f2)/(k*N2*fquartz) } rounded 
Zi = Z2*{1 - 1/ (k*N2) } 

5 

The following values are selected in this exemplary embodiment: 

f quartz = 12 0 MHz , 

10 f 1 = approx. 34 . 9 MHz and fz = approx. 35 . 1 MHz and thus fnet = approx. 
0.2 MHz, 

k = 4. 

15 These are obtained with N = 32 and N2 = 44 by selecting 
Zi = 1249140025 and Z2 = 1256277968, 
which thus yields: 

20 

fi = 34.9005691 MHz and fa = 35.1000009 MHz, 
faet = 0.1994318 MHz and fa = 0.7977273 MHz. 

25 Thus, eft according to the wholc present invention , corresponding 
frequencies for heterodyne interferometers are achievable 
inexpensively using the DDS units described above because high 
precision frequencies may be generated, yielding a particular 
frequency stability which is advantageous for certain measurement 

30 j obs . 
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* 

A method for triggering a heterodyne interferometer having two 
acousto-optical modulators in separate light paths, a receiver 
generating an analog signal and a downstream A/D converter 
converting the analog signal into a digital signal is described, 
in Lhi.mcthn.^^ one acousto-optical modulator is triggered 
at a modulation frequency f. and the other acousto-optxcal 
modulator is triggered at another modulation frequency f., the 
difference between modulation frequencies fx and f. forming a 
heterodyne frequency fHet and the analog signal being converted xnto 
the digital signal in the A/D converter at sampling frequency f.. 
in such a heterodyne interferometer, a fixed ratio of modulation 
frequencies is maintained, and they are prevented from shifting 
due to aging and drift by forming at least two of the frequencies 
of modulation frequencies f.. U and sampling frequency fa from a 
fundamental frequency f^a.t. of a common oscillator. As a result, 
it is also possible for sampling frequency U to be in a fixed phase 
ratio to the differential frequency of modulation frequencies f., 
f, of heterodyne frequency f„et. Measurement accuracy is increased 
because sampling is performed at a constant phase, independently 
of drift and aging. 
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